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(54) CONTROLLING APPARATUS AND CONTROLLING METHOD OF OPTICAL SWITCHING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a controlling apparatus of 
an optical switching device which automatically corrects the angle 
deviation of a tilt mirror used for an optical switching device, and 
reduces optical loss, and to provide its controlling method. 
SOLUTION: The controlling apparatus branches an optical signal 
reflected by an output side MEMS mirror array 2B by using a beam 
splitter 3 about a three-dimensional type optical switching device 
using MEMS mirror arrays 2A and 2B on which a plurality of tilt 
mirrors which can control the angle of a reflective surface are 
arranged on a plane. The branched light is received by a CCD image 
sensor 5 through a lens array 4, and the positional information of the 
branched light is created. The control circuit 6 compares the 
positional information with initial positional information which is set 
in advance in accordance with the target value of the angle of 
r flective surface of each MEMS mirror, and the arrival position 
error of an optical signal is detected. The correction control of the 
angle deviation of the reflective surface of each MEMS mirror is 
performed on the basis of the error. 
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*3{tSEpjDlL^'fL»^ ; E:-^-ri»;kT'7)-^l». 4 
ClOJ: 3&#HBfc&vycti. 08 (B) CDISM^W 
± 0 > ( 3 ) ^"^r-r^ . 
[003 5] 



^-X\ I a | , 
( 3 ) 



Llxtan2 (a-^ A ) =L2xtanr' 

= L2Xtan {2<9 A -2 (a-yS) > 
LI : L2 = tan {2<9 fl -2 (a-/3) } : tan2 (a-6» A ) 

) 

yS | <1 k-T^k, JJB (3) [0 03 6] 



(3 
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LI : L2 = 2<? fl -2 (a-/3) 
ZOXotZLX&tytltl (2) ' < 3 ) * 5&0 

<ZbX\ ^MEMS$7-2a, 2 bfc^ivto-fix 
a, 0iim]EZtl& t fcp^MEMS55-K^-f^N*6 

g, 6Httfthmmj£&v^&Mm&&&tit.z 

#U BBWWt-WfrD/i^aiWe E , 6 F fctf LTS- 

MEMS 59-2 a, 2b<3ftlS«EtffT*>;h.4. 
[0037] JJB<0 J: a ^ — j^^JWCfeoT. MEM 
S59— TW2A, 2Bi0#MEMS$7-^l^ 

ilOffliE^ff 3 Z i: T\ #M E M S 5 5 — T P -f 2 A , 

toU^H-fti-SCS-ft. 

[0038] 3 438 1 JtMm& £iUf « #ME 

MS59-TW2A, 2 BTRMZtltiXM^Z^ 
TOftfifitfgSr C C D 4 * - >+T 5 V^Ttftffi 
U -ecO{4«1f|gSr*tA*ffi!li3J:^tfi*ffi!lO=S-MEM 
S 5 9-<WUSJg£ mm^ms^h XdizttzZb 

£ bWVt ft . £*U= J: 0 . /J^-C^^S^B^«H» 

[00 3 9] 55ri3. ±3*LfcSll50Be»t=*Jtt6#M 

imcvtimizti^x. ms^mta^i6c. 6Dxmm 

2fX&&&ftlW¥&kLX^%^ (D x , D Y = 0>%£ 
{Cii. #ME M S S 9-*>*l*£3MWWtr 4> LTA^ 

y \-c7) n re:** t xytm^tfrnmiz xm ztix^&c?>fr 

(H4 6 (B) tz&ll* roKj . 
£*lT^ft<7)^ (04 6 (BHc&ffft TNG2j<50^ 
A ) £ flSW*. - fc *WCi5 ft . 

[0 0 4 0] 5 $*&£t±, Mi.(fH9^«ia 

iZ^k-t^olZ. A^Wfci^ai^ffly^MEMS*^- 
2a, 2b<0fl§IE:ftjg£a' , 0' bL.mMS.nm 
a' , /3 ' £ . ( 4 ) *<OW«fc»fc-rffi!tf>aS 

^<r>xm%mzmwz> z t tMmx$> ft . 

a' : /3' =L2 : L1+L2 - (4 ) 

mm-mta® 6 c , 6 d ^r»SHa«^n*««aj $ 

#MEMS*7-2a, 2b^^^»£7)t®(:It 

HTJ:v*. ffiEftfea' , 0' inmiizWrtrtzb 
3 Tlzn Ltflf^fcAo T V^ft fcWBfTS ftO 



: 2 («-0 A ) - (3) ' 

#MEM S 5 y-cr>nmmsEZ?rtlf X \>\ 
[ 0 0 4 1 ] 4fc. ©IffllBSiS^^^TffiS-rft^^ 

MS 5 9— iO^Srll**^-.! i: "Ct> . ffi^J3t^ r 4 / Wo 
»S*lTV%*«J|TC**Uf, a«JttMEMS5 5-<9lfB 
[0042] 

D = L2Xt an2/3' t;L2X2/3' -(5) 
^T, as*«MEMSS9-«ftK^3Efl:Sltfci:* 

r A ^crt-zTdzttLxyem^-rfmibtzX-yX ^hZblZ 

T#M em s $ 5-<o«ftltiE*ff itf J: v > . 
[0043] ttjlft7T-(s<cr>ziTI,zm-2>%: 
fl#?) Alt^fi . C C D -f ^ - ^'Hr >-9" 5 tit ^>tlft 
B«£*te«WW*. i f: t WTJfe* . -T*^*>. C C 

TmiZ^k-rX 3 C *«#<?5*7Ji«RJB (OK; NG1 
~NG3) (CJBtTSWW-*^"?. 

50H^{4 roKj *fc{± r NG2 j CS>ftJ;3lwll^ 

•thzb i±tm<mi&mmffi*mm-t& zbizx^m 
m^mx-hz. 

[oo44] M&m:mmm&jmb lxh. mtim 
i i^tiot. &wmmmu6 A&xxffflifiQm 

xf&ftLxmmkmmmmzxjjL, wmmmm 
ibusp 6 b mfrt><7)%iim.fflm\z*<?>t t mmmm 

uw-t^x *-uo\sb%tnf. tim®.w.ffimxmzti 
h mm b c c d ^ * - is* v*r 5 t# ^titzmmomm 

bafi-^LX^ZZbizftZ. 
[0045] ±IBO l ^ i -)T r N G 2 j 

z&itz^x{m^&&i$x^m&imttitfmiiiz 

V\ Jn^-T. CCD>f pC-^'-bynf 5"Cif^ftftM^2: 
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[0 04 6]^^. HlOfcfcVvC, ffi^^r-Y 

jvzttL-cftm^tfmmizxmLx^& roKj wwb 

TV^i r NG 1 j flXRJHLfcTIi, CCD^f^-y-feyf 

1 j ottJBSrWM-CS*. <ro r NG i j cdW&IZ. 0 
1 2^-T.tatC. A?J»MEMSS5-2a^-m 
nfeab. ffl*W^MEMS5 9— 2b<Wtf||K/3i: 
ti*V%—m.LX^& (a=0) ZbiZtch* Z(7)a = 0<7) 
WMlZlgg-thb . #«OMEMSS7-2a, 2b£ 

^.HW)Cil*MEMSS7-2a, 2bOffliE 
Ma' =/3' 14. _B$0 (1) ' taaefejMft 

■re 

[0047] 

a' = /3' =L1/ (2XD) - (6) 

£*ifc:J: 0 . _B£L*: ( 2 ) ' aSiUtf ( 3 ) ' *tfDji 

tSfcfc*. ifc, ttimm&ttl?*«-MEMSS? 

[0048] Witt. #MEMS5 5-TW 2A, 2 
B£±tfCCD<f*— jAbyif5<9EWCOVvC, LI 

<L2<OBMR3&*jR'5±oJ:df*<tHr. _B£L*: 
( 1 ) ' sSic^LfcP^ttS &teiiw> ( 1 ) ' ' sfttofi 

D = 2 (a-/3) X L 2 - ( 1 ) ' ' 

£0)* 3 iiWJWMEMS$5-TW 2B 

hZbX\ 1£%mz%M&CDi$MZm&-$-Z> Zbtf*IM 
Xhh. ±E^*^fctt. m*PJMEMS5 5- 
i: L"C> =«-/3 = D/(2xL 

2) 

[0049] ttlMX-li. LKL2Oi«*«04o 
IMLtz ( 1 ) ' sS^LfcRHWiSS, 

tc»:<o ( i ) ' ' ' ^fcjfiiK-rs £ b tf-*rmx-$> h . 

D = 2XaXLl — (1) ' ' ' 

Z<V£ A^HIMEMS 5 9-TW 2A 

<7)#M EM S 5 9-"(COV^r^>*ftfltf*LSr1iiEWaW 

D=LlXtan2a+L2Xt 
D' =L1 Xtan2a + L2' 
la I. I >3 | < 1 b~?& b . _tl£ ( 7 ) (8) 
:*tf>H«ttifc9 ( 7 ) ' ( 8 ) " ^{CiSM-ri. £ fc 

D=LlX2a+L2X2 (a- 



WHBUta' fcUT, a* = D/ (2XL1 ) £-5-*. 
[ 0 0 5 0 ] <JCC. *«HSW»2lOBB«tC3Wi»*3KS 

[0051] Hi 3tCfeV^T. ft2gd£fflB«)flJ&tt. 
±3*LfcmiHM9BIB^)aiiStcov^T. Mi.tt. b'-A 
XT-y-y^tny^-^TW 1 B^fgKfc'-AXT- 
— ^*-fe>"9-5' t'^t-C. #MEMS*5- 7W 2 
A, 2B-C'Rlt§ix^3^i-i-fcou-COS'J«Ofi«ffi#S: 

-AX7'J7^3' . 1^>-XTW4' tiXVCCDA 
X-i?*yy5' 14. ®liiiItffll^t'-AX7 

5bmm.<ni><7>x'hz>. 

[0052] iizcDi. o fcUMfc-eti. t'-Axry >y 

IffiiCl^WC^MEMS*?^!/^ 2A, 2BO 
^{4. *CCD-f/-^yt5, 5' -Ci§£>ix&# 
fcrJ^T. A*ffl0t5j:t^£B7Jffl!lco#MEMS5 7-c7)« 

[0053] mfaWzli, ±j&<vm6%:b'l,Z7fiLtz%r£ 

bmkiztx. xiiMcoMEMs $.=7-2 aco-mnm 

£<z. &fimnMEMS$7—2bcr>-i t tlftm$:0b 
L, MEMSS7-2a^MEMSS7-2b 
£-COgE8t£L 1. MEMSS7-2bKCCD>(^ 
-v-fey-9-5*T'c7)ggSS^L2i:-r-g». $^>tc. :it 
{4. MEMS*7-2bKCCD>f^-ytyt5' 
iT'OEBl^L2' fc-TS. £<7)%^. #CCD-f^- 
^*-fe>"9-5, 5' T»i»*L&H«S:fflV^T«aiS*T.4ffl 
WlD, D' (4. EffiLl. L2, L2' fciViVL 
A^a . /3 fcffll ve&O ( 7 ) ( 8 ) 5e-C«-r£ i:7& i T' 

[0054] 

an2 (a-yS) - (7) 
xt an2 (a-J3 ) ••• (8) 

/3) 
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= 2X (L1+L2 ) Xa-2 
D' =LlX2a + L2' X2 ( 
= 2X (L1 + L2' ) Xa 
±K ( 7 ) ' 5&3<fctf ( 8 ) ' ^OM^$raC 5fc*Plfc 

T>#MEMSi7-2a, 2b ^ftflHIj&Wf *>*t 
h. 

[0055] znxoiz^mmmizztuz. t-A 

LKZbX\ #MEMSS5-2a, 2 b<7);frg*iiE£ 

isv ^»^tiT a i i: & . * . ai i mmmnm 

^(Oj;5(;#MEMS$7-2a, 2 b<*tfne£5IHWW 

[ o o 5 6 3 c: :t, ±Me^2msm<7)mmmiZ'o^ 
tbmhlt*s<. mi4i±. M2mmmizms£t&m 
i <r>mmwmwmm:^twmx'h & . la 1 4 t*j 

5 9-:7jWB*3*u PE^-7S7-7T*f0iE$iX^ 
ftm^co-UtfUyXTUJ 4' Sri>LTCCD-f 

tzi><7)X'h&. I<Df^OMEMS*7-2b^CC 
D-f^-^-fey-9-5* ^T^g0gL2' (i. MEMS* 
7-2bK< tf— AX7'J -y?3. A-7S5-7, 
h"— AX7*y -y:?3. CCD^-y'tyt5' iX'cT) 

C 0 0 5 7 3 Sri*. El 1 4 *>«jftWCii, S 9— 

IfHl 5{^-rj;3tc. ATJfiUony.X-^TW 1A 
i:MEMS§7-TW 2A^(;t'-AX7*'J -y? 
3' £ffi«U ^n— 7 5 9— 7-C*f05SS*l*MEMS 
5 7-7t/-f 2B, 2 AX'RmZtdZffim* h- AX 
7'J7^3' T'7>i^LTCCD-f^-^-feV»f 5' "C3f 

coo 58] hi 6ti, m2mmmizgm?z>m2(o 

-AX7*y ^3. ai:WIIOMEMS$7-TW 1 
B. ATJdl^ME MS S 7 — ?\s-i 1 B „ h'-AX^y 
>y ? 3 ' i=|*F«-tfiK*$*U it'-AxriJ >y 9 3 ' f 
T^Sfc/CTfe^yx'TW 4' £i>LTCCDW 



XL2X/3 ». (7) ' 
a-/3) 

-2XL2 ' X£ — (8) ' 

fefctfJ'C**. <~<?>%S\ CCD^f^-y^yt 5T# 
(9) ^T-^-Tifc^T'^. CCD'f^-y'ty 

COO 593 

D = Llxtan2a+L2Xtan2 {ot-0) 
%L1 X2a + L2x2 (a-/3 ) ■•• ( 9 ) 
D ' =Llxtan2/3 + L3xtan2 (a-/9) 
^L1X2/S + L3X2 (a-/3) ••• ( 1 0 ) 
SnB. AAi<?)MEMS$5-i6^CCD-f^-yty 
-9-5' 4"?<*>ffifc£L3fcl/rv*4. i<7)«t p55r«(ftfc 
fcwc tm^t^2^fS^.^^i:|3I«^m^# 

C00603 01 7(4. fS25gM^&RSI-*-&ft3<?> 

^mm^mwm.^'tms&mxhh . 01 7^^ 

T , fg 3 <Z> JEfflWCtt . t'- AX r U «y 9 3 ft 

2#t^JST'fflV^t'-AX:ry >y^3' , WXT\s 
■iA' i5cfc^CCD-<^-^'-t>-9-5' j&*R{t&iuSr< 

*>T2&&. ZCOm^. ffi7Jffl!lOMEMSS5-*^CC 
D -f * — SZ-fe >-9" 5 * X'COmiL 2 tfC CD^f^-y't 
y-9-5<7)^MO{Sr«^JEtT^tL. -e*l<€*L<D5£* 

D' *«WlffiS^ifcfc:*ft. 
C 0 0 6 1 3 ifcC 2|c||fi«S®HS^3||lt^JS^3&»l» 

nfimmiEZftoig&izn ^xmm . ^tiic^tT 

JB 3 ^flS?B®T'{i . aj7J7\i 7 r j -ctUS^-S fL^Ttft-^- 
«/T7— f^-^^^iC^MEMS 

C 0 0 6 2 3 HI 8{4. IIS32d&B!Bb^*^<9£ift 
«^«^a<%fe*«jft^5^i!EBSH-c*s . H 1 8 tc 
±JV^T. m3||ifi^SS<0^|cfl|^{i, mtf, ±1^1 
4 5 (c^LJt^*iO^^ mmz . y ^ £• 

2<X7c(;iESL^2-5<7)3y^-^ri-^ 1 A, IB 

^t^jCL^ItScOMEMS S 7-^ 2<^tieat3t 
2o«MEMSS7-7W2A, 2 Bi: 
Tffi^ 3 ^7cM<7)3tfi^-^ll^ot ^X . tbTJffliO 
ny^-^ri^-f i b izmmztiz, mjjfty tJ;<tis 

■< i oBnimifzmfbti&ftxy'rTU'f i it. m. 
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a, i4B jtwjMP i3t zmttifflvm 

ttfcltttfcfcOT?**. =Srfc, uCtli, MEMS $7 
-7W2A««U5-7MfcliU MEMS* 
7-7W2B#I2S5-7MtfiSU MEMS 
5 5-ig»S5 1 4 Atf* 1 5 5-B«l»tCfflS t . ME 

mss y-mm& 1 4 Bam 2 5 
ft. 

[0 0 6 3] 3fofrT5TW 1 1(4. B**7r>^fr 

i 2tciis^&. Mw-ataiaji 2 M&ttHi 9 
fcfc*aai*fc *^ *3iafcffiii 1 2 a t % sae&tiifi 

l 2A&bStt*til>ttBttWE[&*£$mr* I 
/V3Silsl2B!:, £3rTft. =Sr*5. H19T'J41ifi 
03K*Hi»l 2A4J«ktXI/VSQft»l 2B<9*2&^L 

xh&if. mmziz, je*757H 1 10^75 

^*/MRfc»iBLfe3tettaj» 1 2 Afc XX/ 1 /V^JiH 

1 2B^j^~mta^i 2tzssafhfix^ii><ob'f 
ft. 

[0064] JUSfMttffi 1 3 (4. «£« H 1 9 ^4>*± 
4 o t=» A/D»13A, -ra-KEHU 
3B. #-/H«|I||frl 3C. 3D. ij^7V9 

Wmft*£JBMVk 1 3 E „ #J#Piag[Hl'$ 1 3 Fi34tf-fe 
1 3G£3rTft. ^^T't lo<0{B*f-r> 

ttMffttl 314. Ttft-f-^^OffiTJ^-r^l^^E 

[00 65] A/DgS&§§ 1 3 At4. ^^HJttfi* 1 

0*tJE#f-f4. ftttGBttl 3 D^#*>A#WFfc3a& 
ftft^tt. 3B(ctiM^ixft. f3 

-FSS&l 3Bi4. A/D3£iigl3AK<Of^ 
a^-ra-KLTsh-^HBWl 3C(c£tJ7J^-ft. * 

-;h*e»i 3cti±. mmcoffltmcorvyfm^c 

LKtfAJjZtlX^X . x^-HEIKl 3B^4>OHJ7J 

mK 1 3 D Wflfc&cDXTjSfg^lCiH^^ft . H 
3CC*JV^Tfi-§-3&*R3#§nfti^ia(4. fllxJf. 
ft 4 5 2:3- M E M S S v —05 7 4 - H ^ -y 9 #J VP 

b-th. 



[006 6] JtifM&l 3DJ4. A/DSa»»l 3Afc 
4t^*~;P 1 3 Cfrt>*tl<?tiMt>tlX < hT : J 

»i3Fteei&ia»-c»*. ^Jts&asu 3Di4. 

J|*Wfcltt. mUI A/D»l 3Afrt><0-TSS?Jl> 
m (®mm<7>W±M) *«*-;H<EI»l 3Cj&»4>*>t>" 
*/HI (ftJfPiwomjEffi) iH^IWiVW 

ft4ot-rft. 

[0067] ^^y^WWS-f^jRff 1 3 E{4. JtKIU 

m-f-^^-Tft. £^#*y*IWft«*Hi, 3-MEMS 
$7-iE»gBl 4A, 1 4B^f^TftU/D^'7y^ 
2 1 X, 2 1 Y<7)1)*7> Vm*®mt&*l*><7M%X'fo 
ft. ;&*y*lW1^^y8«l3E-C*Jft3 
fU^^y^MtHt^^ 3G£tf-LT*fJ55 
-TftMEMS5 7-|g*ja514A, 14Bfe*04Wt6 
ftfti?£ LT^ft. 

[0068] ©JfJUlMSfr 1 3 F(4. H^yfWffisW 
3 Ej&^itKSS&l 3D*^c7)ai7J^-f-c7)K^ 
tMLT^^Vhffi&iiJP^-frft^^y^Jffllft-f- (£1 

3D*>^ioaj73m-f-t;j5tT^L. m$$^z*v>? 

MWI-^JRK 1 3Efe4U r -feP-^^ 13Gt:££SJt 
a6<O0KT'S)ft. ^^d&at^^^ftJW!-^ 
B£gPl 3Ei3±y-bl/7^ 1 3G(cexftS*t=oV^T 
l4&i£-ffto 

[006 9] MEMS5^-|gi&a514A{4. 3tft"tS 
^«0A7Jffl!l^MEMSS7-T^^ 2 A£|giij$Jffll-r 
fti>^T'S>ft. IfWCIi, MEMS 2A 
cO#MEMS5 7-K«-JE$Hi-T. MitfUl 9^4>S 
ffiftizm-f^olz. -tu??20b. xmXftlztfmL 
fcU/D*W2 1 Xfe4tXD/A^H2 2Xfc. 
Ytt^ftl~#J&U£U/D#>7y;?2 lYi54lXD/A 
^S22Yt. MEMS*7-K7-fA'2 3b^~t 
ft. 4fc. MEMS5 7-|g«jg|514 B{4, 3tft^^ 
SOffiTjffillOMEMS *=y-TVA 2 B Srlgftj^-rft 
i^T'fcft. SftsWtCtt, MEMSS7-71/^2B(?) 
#MEMS5 7-fc*r , MX J4*0 1 9 ^TgSU 

7^c^-r4o^. x«rtri*ifc:itiBLfcU/D^'7y^2 

lX*>4tfD/A^8IH2 2X2:. Y|ftfr|(*It=«i5U3t 
U/D*^>'^2 1Y*Sj:VD/ASQft»2 2Yi:. M 
EMS$7-H7^A'23fc, Sr^rrft. 5 3r*5. 01 9 
<7)#MEMS57-|gK)^14A, 1 4Btil 1OC0 
MEMS 5 7— ( fc*tJ6UfeKftfe<0* 
^^-etL^LT^ft. 

[0 070] MEMS $^-|gfta51 4At;IS(t^iXft 
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-§-£JSEtT. MEMS^7-7W 2A(CEB$tL7t1g 
&<7>M E M S S 7 -<D o -hcr)®mfiMi t & & M E M S 5 
7-£3iiRU -e<DMEMS$7-£^&L£0ii&:/o 

m&- t }-tt>tl&Ztlz£iXmfeZtiZ>. MEM 
S$5-IB!jg|51 4B^J4. ±ilcr>£o%-t\s7'?2 0 
tfmft>tLX^%^1)K Ztlit. ^V-^ffigB 1 2T' 

SMEMSS7-71^'f2Bc7)MEMSS7-* 5 lOC 

[0071]#MEMS$7-lIlSl4A, 14BC 

t> co# y 7®mm^<,zm -> x m e m s $ ^ -o x wn 
foiz^xcotivyfmZMto&M&m&Zit. Z<n>* 

>7y^MSrD/A^f|2 2X{c!ii^S. D/A^g| 
g§2 2 X(4. U/D^^>^ 2 1 Xj&^COt^^T^ 
§tlt*->^ISr7tn/«:^LTMEMS$7 
-K^-f^^ffi^-r-l.. arts. u/D*-)y^2lY 
(4. *t«8M#PgBl 3frt><7)*iyy?fflWm^zffi.^XM 
EMS =~y-<DYM(%fatz^Xcr>*;T7y?1B.$:mto$. 
ttmpZ-ti. ^<ryf}^y^m^T>/P^m2 2Y\z 

titfyth. D/A^MS2 2Y{4. U/D^y?2 1 

^LTMEMSS^-K^-f/^ai^-r^,. 
[ 0 0 7 2 ] 3r*i. ^S-U/D^^y^ 2 1 X, 2 1YC 

\^Xmm$-h^h\,Z-$h. ^-MEMS$9-IE»)gPl 
4A, 14B(^(t^fLl)MEMSS5-H7'f^'2 3 
{4, ttfc^ &MEMS ■Zy-CDXWiX fat fzteYM-fifa 

conmz&* nm^mzttm Ltz* y fmizm-? xm 
mm-t&m^z&m-z . ^-MEMss^-igt&m 

4 A , 1 4 B T'^fi£$ tl^lB»lSlJffllfi-^{4 ,*MEMS 
2 A, 2BcO*fjS-T^MEMSS5-t-§- 

[0073] ifcfcS, fg3^Sfi^re^»^^O^Ti^BJ^ 

t AJim&xvtiifimo&M e m s 5 y-conmt com 
i/ai^wo#ME m s 5 y-nftmzmmit-t&'&wrf 

^^$riOTBi-^Mff^ov^-C(4. H2 0 (A) 



A:M3fc4tfaj:Wffl^#MEMS$7-fc-o^ 

A^ffiH^MEMSS^-^^-ftfc^-r^ffi^Tt 
^W-c^ffci: . ffi^ffl!I^MEMS§7-^J^^ 

miLcommztch t ^ ommmmztix^z . 

[0 0 74] &±5, 02 0^(4. 3-MEMS$7-OX 
IWlfil^^Sr^S itt: t %<ri\^%nv-crmccr> 
m=FZ7FLtztf. ±l£c7)#1t{4#ME M S * 7-<0Y«l 

^ft^gsr^fbs-t*-*: b*t,z^uxt> mmx*h& . 4 

fc. A^rtllMEMSS^-^XW (Yfi) ^[Sj^Jgi: 
fcWIflME MS Y«| (Xffi) ■fifaCOftg.t*^ 

$4>{;{4. — ^O^MEMSS^— £oV^TX3t£fr 

^-crmtmt^nmxh^ . trF-m. A^ofeitx 

ai*ffl!lO#MEMSS7-^Xi&^|pl^jKS:^l: (Y 

sftfri*j<7):fi ^{4@^ ) $ zmm lx mw-t& - 

[007 5] 0!ifcf. 02 0 (A) (DP lAt,Z^io 

Kiiijjft'-sv-fimhtix^&tf.mx'te, 1220 

(B) tc^-Tid^. tii*ffl9MEMS5 7-0«JK2-Il 
Mb LAMOIMEMS S5-Oft^PSLTaj^^ 
'7-^'»ci:^SP2^cO«®^|^-r-|,„ <J:t. 02 
0(C) t;^-TJ:otC. A*lilMEMS5 7-OAJK^ 
H^t LfflMIIMEM S 5 LTffi^ 
AV-^t^rSP 3^tt^Sr^®-r^, . i*u= ± 

3WR/hfc*& ) smki-mem s * y-cr>nm.^mm 
■thzttf^smiztcz. 

[0076] ±ia<9± 05r3i?5cM<03^#§^SSfco 
v^T^IM»Wtt*#JttT. JK3lQBWBtf5ISiHI|®!rc 
{4. «i.tfH2 1 ^-ri o^a«sW=5rlHlK*B£S-itlg 

mwui 3<n*vy?mwm>£&m8&i 3v&£xm 
memw® 1 3 f tzmm lt^mems* y-conm 
•^^Msmmtmi>iih. 02 nz^r^wmx^t, 
ytttyfMwm^&j&ms&i 3E0>mmmmtLxm& 
KK0K13E' ^*is(t^i>. tiz. mimw\simi 
3 f icov \x (4, jt^0s& 1 3 d x-nimmmz^m 
^mfe&mfflwm^£sm3 0 *j«tt/H/L«iaiigs& 

3 1 fc**i«tA*S*U SittS:te«^^gB3 0t4 

&ztL&mmLmmmsHfimmm®s& 1 3 e • tea 
n/L«iffiig»3ir{4, it^ms&i 3D*- 

ttRKfUM 1 3 E ' <7)iftf^$r*5&(;-r?. x 4 -tr-77WI 
■«W*SttRIEia»l 3E" fc{iJ*$<xS. -tlsffMiR 
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ft-t iz £ tT ilJ7J3fr n'V -j&*S*jS[fc3i LfcCi: #«0r 
$*VC-fe 9 1 3 G*W0#i5aB?«-f*s*lSt5 

1 sGiznLxwsmz-s-z&bbitkm&m; 

®8U 3 E ' aKfefctttMr? 5 ^ iB7J 
•f*. **J, ft«I4±H , llI»3 3*»4>«tR)(EliIKl 3 
E ' fc-S-*. £>ft.|. >f *-77>fi-tf4. * W * »ffl£9- 
*0*II|»3 2*»4>«fflA«9(cj6tTia*«*WW»« 

[0077] jje<o i a %iiiK^»ii^^jttKni»ff 
jfian 3 3 ma* 3*14 t . mm±if ass 3 3 ti. #j 
sfciwc, ®±risihissi 3E" fc»tr-f*-r/p 

4. CiCiT'ti^fflh LT^^y^Upft^-Sr-fe 

[0 0 78] -fe^^^l 3Gt#iWifc*^^Up 
flPttt. #MEMSS7-IB«J§B1 4A, 14BCiO 
MEMS57 -Bttff 14AlzMt>tlK*jiJ 
^UpiS^l 36fc*W*2 0TSD4HtS>ftT 
««i0>W«^fc £4 AAltoME M s 5 
fcLfcEWfr^o^tcSte*^. MEMS § 5— 

IBi&gp 1 4 B (cat 4>*ifc;fr «> y * u pfI-^4. fcjrfft. 
<^«^fc*4a}:fc«4>MEMS$5— (jfc/f*?— tfc 
2T'teb3fc^V-0^:^£ff3^*;H t=*f 

<5O02O(^L/t«fcdC MEMS$7-<5DX$ftfrffl<7) 
*H£f¥i£A*flL ffi*MOJlT«EiiHj»t4%££# 
i 4 i fc fc-f4 fc . HttBRteBftztt. tttBttfftt 13*> 
^*">y^Upi*&t. MEMS$^-|gl&3Bl 4 A 
<^)X«ifiB^)U/D^y^2 lXfc:A*Sit*ifctc=Or 

[00 79] #^y?U P «-§-?>A7J£gW£U/D# 

2 1 XTI±» ^f^i^fLfc^^y^tflKHi* 1 * 

XD/A^MZixh. f LT, D/A^g|S|2 2X<Daj 
ftflHHPMEMS 5 A2 3fcrSH4>*U U/D 

#?>*2 lX«D;ir*y*ttfcfcfc"tA2rtlMEMS$ 
7-c0Xiter&l<0ft^$r$lJW1-|»l»J^ft-f-*%^$ 
fL, ttUMflHWtfMEM S 5 2 A(C#i. 

£>ix4,> CftfCiO. A2rtfflOMEMS$5— TW 2 
AO*f JS&f-4 MEMS 5 7-<50Xffc^f6]tOUTC0^Jg 



6 ffi73ffllM EMS § 5 -M? ftfe*«^^)iB 

■c*«s*iT3e''«7-ttaj«i2(caifen*. #^7- 
^EtlSPl %i37v 1 l^^^-^afc&^as 

u 1 /v^ms 1 2 Bxm&m^zimztixitmi 

[0080] ata^/^-^-^syRfciB tti^sm 

-ftt, RMMWm 3^A/DtiH13Atf^ 
S#fc3»$;h.TifcttIII» 1 3 Dii iiXr^- K0K 1 
3BteSi4>*t4 # Jt«EI»13D(Ctt, ATJffiOMEMS 

^v-izm ttzw&wft -)v kei» 1 3 c*»a, 

■§-£4>iiXWC» A/DSEBKS1 3A*»i5>O«E«t<0 
ifc*fc&«ff*><ia . -f-LT. A7J<HlMEMS$7-c7)XW 
#l*W>ft«£S5fc$-£fc£ b izXK>. ttifsttt^V-tf*: 
#<^->^%^fc(±. $m®$&l 3D*>VN^f U^cOffi 

4. 

[0 08 1] ^99i3Gi,zWRmbtx^- 
atzttvyfv pm^izx*) , ajTj^^-^tiA-r^. 

-K;^tfi^fi^C*f LT^f^ > ^ D o w ngfi± 

^•r^i o \zii v9mn<m^.mm 1 3 e 

|6j^-ft;L/i*^{c{4. Jt^0Sl 3 Dfrt>cr>s\j UK 
JKOiBaS-f-fcSt LT * >7 y ^ D o w n L . 
o-K;K7)ai^fi-§-^ LT ^ -7 y ^ U P 
-Ti. i d t-X? >7 y ^SgflHE^JSHH» 1 3 E OKjfHS^ 

ki 3E<7)WrimM£m&r&K:t?>tz. ^mtmmx 

{4. iHtni«» 1 3 F 3 0 imif 

s>s £ *^m§tL§ issKKtugf- 1 3 e ' 
ftz-t. >\<< v^vx-bhzb&im&zti&bW&Bm 
wi3E' *EiE»fts$-£$rv* x o iz^-hmmmi 
mm^tf±f&ztixmw&®8& 1 3 e ■ tc^^iis . 

^ix^iO. ®tRKHI»l 3E* ^tet&^LTV^ 

^^»7y^Upfi^-. itKHIS&l 3Don-K;P 

— ^T. flSttKISIII»l 3E' 3& { ^|g|S#LT^ 
4lft3&Ct4, Jt^H18§l 3DWW W"^mj**C«tT 
n— V-^/WO^^y^Downfi^ JtSRHI8&l 3DO 
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#i&Jj%ti&J:olz%&. 

[0 0 82] d^t'ti, mmkLX<r>**>yf\Jpl& 

•tht. mmmmi 3E* s-sisii^^^-f^ 

3G, 20^UMEMS 5 7-|g«lgfll 4 AtOU/ 
D^y?2 lXt3*£>fl&. U/D^^y^ 

2 lXO^^aojfcWciO, A*ffl!lMEMS 5 5 

^-^it^r^^riSitc^-r 5 J; o tz% 0 . M2 2 <m 
iat 8 ~t 4 (c^-J:3fc:. tiM®$&l 3Dco&J)m*H s 
>vf l"<*ti>kZs:Z> . £OJtlK[SlB& 1 3DWM 

aH£££(I!Bfrl 3E' CioTRtSfl-C 
n-K;K7)^»>>-^Downfi^-i: L,T#?>*ffl» 

*4T <H2 0 (B) #flg) , A^JlMEMS$7-(?) 

[0083] ajAat/^-^afcfc^tcaM-***. 

3 (c „ immm 1 3 d rt-t^'D- i^hor t 

O^ffcJi. $Wi£M&l 3FOH/L&aj!IIi&3 IT 

b&3 2izm.t>ti&t ti>iz^ ■mwfcmm&i 3E' £ 

*> 0 tc H/ LttffiBIK 3 1 t>m®Km®$& 1 3 E Cf 
-f-fe-^Hi^SII^^. .TOi#«£KI£fi 
3 0 & SJ* $ tlX I vfc«ttR«e#t,K 0 ?I 

H/L&aJHJf&3 l^Ofl-f-cWJfciO. A*WM 
ems 5 ^-oxtK-^tcov^TO^IS^S^Sr^fc: 
W»$*utii:*cHBr$^T. ££Tli-fel^* l 3G 
<oaft5e*A*«MEMS$5-<OXHfc6-|«l*»4>aj*HM 

ems s 7-nxm%faiz® *)Wz.zmwm^&£mz 

tlX*U? ?13 Glzm*>il& . 
[ 0 0 8 4 ] . dCT14Jt<K!llS& 1 3 Doatfjfc^ 
#o- U-^HcIs tfc«jSttA*«MEM S 5 9-OX 
OAlfcWiarftSnn: t WBrf * i a tz Lfztf, 

-f 7)VX\ imm&l 3DO{ft*jS##n-l^H;* 
t SitfiroKS&i: ± a fcA^HSlMEM S 5 9— OA 
iatLTii^. ^Oid^MSr^T^*^ 



[00853 ±=BO «t 0 fcLTA*ffl!lMEM S 5 9-0 
(C) {C^LTtck-p^ffl^jMMEMSS^-OXffc^ra 

oftBBw«i*»A*ffl!iM ems s 7-0^ k mmiz LX 

'ifJbti. tti*3fe' , «7-**fy:te*&«ajSfe:#MEMS 
5 7-OX«c^r[6lOft^$iJffll§ . $ t>t/Z^ #ME 
MSS^-OYS^fnJOAjgfC^Vvt^ XlfefrfaOif 

Uri: mmiz LX &JjWV7-i>s&jzk%& i a tzmwt: 

'*fozkx\ #mems $.7-<7)ftmimm<it$ix&. 

[0086] fcfc. ±E»3|OfcJKtt'Ctt, ASSUME 
MS 5 9— <0X«rtT|*l. aJ*ffl9MEMS5 9-<7)X|ft^r 
rtJ<oiffe:ftjK*<WW& < t3t:U3t*f % ffi^jfflUMEMS 

$ v-cDnrnfflmzftiztr ozk i>~*imx-h h. ttz. 
xmrfacoftjmmzft^fzmzYW&fawnmim* 
ftoj: o iz vtzifi. Ym}ft<7>ftmm*%\izm? ± a 

v^*tfcfiritioftj«W1l|&S-5fcttt:, ffii^-oiiOME 

m s $ ^-tco^T^-ifc^i^oA^j^ff a £ k t»*r 

2 0 t-^bj L>t i a £ . ft-hftnv-cnmttfZrM. E m 
S 5 7 -fc i 161 r tifci-Cfc & /t #> , est 

[0 0 87] 4^:, ±IB»3|Ql9Kir«±, &Wt>*V 

—h i Wrk&i,zmt& itMEMss 9— oa Atgfli *m 
fc«*«ife^jftnw»* it** <£ a t^-ri. £ t t>-*m 

Tt>h. 02 3 {4. ±!BO%^OJt«^J^l 3iJJ:?/ 
MEMS$5-H!jg|$l 4 A, 1 4BO««0!**U3fe 
*>0-C'&&. H2 30«fiS;^J-C'(i. A/D^j^l 3 A 
3^4>ffi*$^*«£E(t*Jt«5lS*BEa»l 3 HffiO 
^BXO . JtfREK 1 3 D tcfett* JttBSSfc JAWfiR^r 

«Eti* t -3efl[tieifc^'»'^oi6ff^ff±s 
•^^..tacL^fcoT'?)^. 

[0088]^:, *SUfi^@om4Hife^S(=:*^-5 
ftft-tSmfsOftJiS^Bfcov »t'ifflt4 . ±3* LfcJS 

mz-o^xftjgfflmzmK ^<r>mna^i ttzmz. 
fltfiro<fcsri*ioAflaw»*ff d J: a tc l^. m4mtm 

A^3ffl*5«J:tXaj*ffl!lO#MEMS5 5--fcoV^ 
[0 089] 02 4J4, m4^S£»®lC*5itSifcB^lJfflI 

*j. 3i5(i-93m»*jj:ww«eato^fMfijat»±. ±ao 
n 1 8 las l/cjh 3 mmmnmiak nmxh o , 2 

2i3j;t/«-MEMS5 5-igillgi5 
14 A. 14B«1 ±^OHl 9fcij*Lfc£flc0! 
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<r>Ma>bmmx'$>&. 

[ 0 0 9 0 ] 02 4 fcasvvf . m4mmmm<oimpm 
teRmm&i 3E' tcft^r. jtusnuii 3Dfcx?->y 

?$iJffilfi-?£j£[H]i£ 1 3 EO!lfctf3£fi-5B£<i[slS& 1 3 

14. @14S«^^^Si53 0(C-ft;iT. ^^U34t>j: 
t^CPU3 53WR*t<»*L*. 
[009 1] SWISaillRl 3F<0^^U3 4ti. A/ 

DSEsi»i3A*»feaj*$*ts«BEftt*iE*L, 

IH'-^CPUSSfcJJoTK^aSS^l*. CPU 3 
5(4. filiW-iidfcLXty 3 4<7)l51fx-^MWcH 
/L4ftffill»3 1 fcil^fiJKHiLhff ®»*»<5>«>«#K£ 

mzm-t&itmuimi 3^^112 5070-?-* 

[0 0 9 2] HM®m&l 3Ti4. I22 50XX 

7710feJ:Wf-yr2 0 (H*. S10i5iyS2 

mz. YW0Tm>ABmm**T$ #&*iBS£?t ztiz 

[0 0 9 3] #M EMS 57 — SDXffcfrfafclOV ^X COM 

Xx>/T30T'i4. ^ms&t^TOi^®^^ 

fc, **r>?mWm^<V%fflfeb LT. ATJlBlMEMS 
$7- fc:*tL;fr'7>'MJpfI-§\ STJffijMEMSS 5— 

(u, u) tmz-tz ) &ws& 

# (U, U) J4. -tP^^ 1 3G£tf-LT=&-MEMSS 
5— iE»gP14A, 14B(0U/D^^2 1 X£-5- 

z.e>ti. ±&vizwi3mmm<7)m&tmmzLx . a 
jWKHWSiir. -e<7)^^s°v-^aigi5i 2T-^m$ix 
ij^vtvmm? (u. u> kwsmfflia** 

J8TCIttfcSI§*U A^ffllMEMSS^-t^t^^yh 
Downif, aj^lfflMEMSS^-t^t^^^bD 

(D, D) WstWMtoft 
coW&mkLX-$-z.t>ti. ZcotifcniiiJjft^v-izttm 
LtiW&W** 'J 3 4 «E«3*i* . $ ±IBO 

(U, D) fcilW^fflWf-f- <D. U ) 
*4>*i, **v?*i.*>*££iJ Wh\&h : lt>'V7-\,znfe L 
feSE^ * 'J 3 4 fcieU . 



[0094] &*iyy?fflmm*§- (u, u> (d, d> 

(U. D) (D, U) t=*tJ6Lfc*EEtt* t .X*y3 4fc 
feif$*t&£, ^T-y^OfcfeV^T. C P U 3 5lCt 

{4. mt&ii^yfWWSfr (D, u) ofc*fcffi*3lfi 

*>:*:# < *r>;fc*££;*;l & £ fc tm. . 
[0095] -f-LTs Xf'y7-5 0T'il CPU35<7> 

ifiScSni.^^^^^Jffllfl-f-^* (D. U) ©i^M- 
t=R5t$<i* fc fc ttc, JURS«ffilII» 1 3 I 
-kmtAz-th A *-/;Wl^ s C P U 3 5 *» 6 iiSTJ § 

Bl 3D*^cotH^ift-i-^;Hc^<A^Jffli^fi : i5 
ilS. IftWl X7"-yT6 0TJt^lHllSl SD*»6 

!K14. A*«B*5J:VtB*«O*MEMS$9-<0dt><0 
[009 6] X^>v7"7 0T'{4. Jt&EIB&l 3D£>£>ct) 

^ai[iis&3 1 1 j: vm&zn. wawsiiwc 

PU3 5fce^4>*Lft. H/L«miU»3 1 
SSftfcC P U 3 5 TJi. JtSft-f-^m^ 1 3 I ^ct) 

^-r^m^tnti srix o «L"rft«s#5e«iii» 1 
3 iwiw^*ffjhs-&4i:i:t,fc:. ^99msim^m 

W®& 32^ UTMaHl-f-tiS 9-feW*13G<0» 

[0097]^, Xf7/8 0tli, A^fiOfcitXai 
»#MEMS$7- fc-OV^T. -J»I(7)MEMS 
S 7-(=*t LXtl *7 V 9 U p fl-Sffc <fct/^ 17 y 9 D o w 

*f JB L^€jEe*^ t'J34 fclE«S flh. & ti , — 
C7)U<7)ME M S $ 5-Koi^T<0«Efi^Et63&%T-r 
i&fr<7M<7)MEMS*7—izni,Xtr*?y9\Jp 

-^•tfefti. thjjy&^-izttfcLtzwsmffx* y 3 4 

ATJfflllMEMS S 5-<OAJj&WRaWifc3tLTV><itf. 
A^JffllMEMS 5 y—l/ZML,X^} 1 7'y9^JpM^isXV : 
**y>9D ownSfH^S: i:Ti#^^>tt57J^ 
V-0^ffi{4. »#B«^ffi i 0 ^T®-i> £ i: . - 
ffi*«MEMS5 9-fc»L"C/r'»'^Upm-f-tJ 
iU'^ 7 y 9 D o w n m^ttx. h Z b Tit t>th& ffi* 

tc±nio, mu^^y9mmm^^itzb^i,zrm 
Mot. ioa6»t=»B-rsifcT«« 
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[0 0 98] -edT. Xf 'y790ttt. CPU3 5K: 

-*>'Xf 778 0 O^MOfflSr±HI-o tz fclOMEM 
Si5 -is ^^WMSWHB? Sft.* . £ <?>C 
PU3 5<0WKttJRK:«-jT. Xf771 0 0"Cli. Jt 
tflt^fiElK l 3 nc>f 7;Ht*hP9-*. 4>*i& k 

^HlffS- 1 3 D^^^m^Jfi^-^^^J^a^ <y 7* 1 
1 OTfffcft*. Jt$»&l 3Ds&»4>tf5ffi*e#36*o- 

OX^-yT-yOklSI^LTX^vri 20T\ it««l 
■Wliailll 3 I iUtX-trl^? 1 3G«)IWfc&«fltjl:$ 
*x!>. fits XT771 3 0T'{±$iJ^^Ott^r[fi]O 
mWft hix. X«J|i](7)A<7)i^7 1 T vv£> 
tCli. ^.T-->'7°2 0{CM-?T#MEMS$7-OYlteS" 

10 0 9 91 ±IE<7)J: o (=S54SH»Bttfc:J:*Uf . A7J 
fflllfcit/ajTJfflllO^-MEMS 5 5— tC-OV^TH— W^ft 

3ri5. JbEJMSISeBlHrm. #MEMS*7 
-<73Xtt^0O«Jg£|l]I^c:fSIJffll LT— ^■OfflycOM E M 
S = 5-<^ftfl»««jluSK3t UfetWi. flfcfre>Mtf>ME 

ffl*»^{*£RB*(aMW'$-5 <! k t> WC* ■§> . 
JWfeWfctt, Witf, ±}*7V?mmm?% (D, U) tcj; 
O^lflEWlW^V^ — *-(50fffl<50MEM S S 7— co ft m/)* 

m*§rC0&X-'&iy£b LTI3. (U, U) (D, 

jjm^wtJ-i"<MziK tx wismjzMtfmiii £ titz 
06<rkj& i wc&&. 

[0 100] ttz, ±3S&4mmmxii. AJjfflfcJ: 
i\ —JjCOMcOM EMS57 — vf Xiftfr ft & J; t/ 



$4>tc. XDM&ZlflUJjfflco&MEMSS^—izni 

$iu &*<r>m&&h^bzttmLfzimxi%t>ti&iiijj 
%s*7-£ mz* ^ v izim. l , isy^ycofetex-^ 

[ 0 1 0 1 ] m 2 6ii. JJB<0»^JttflW»» 1 3t3 
±tfMEMS$5HBafraS14A. 1 4 BCOffifSMZ^ 

vtz^coxhh. m2 6c7)ffi&mT'i±. i&mimi 3 
itt-^aj^m**: u 1 3 j k . #mem s 5 

1WB14A, 14B^j&^Mttffc&lM#W-4jer'*V* 
©Jffl« 1 3 K k , ^tUTjffiff^ t'J13J <7)|B1Sx- 

Ul 3Lk^WotLS. 

[0102] ±ISOcfc 3 fcflWfrCti, 4r , ©Jfflirafe^ 

ffi*^^ * y 1 3 j ^121^4 . mmmcommmco 

EtfcWRT-t* k . **L*jai6-fr S«#*«C P U 1 3 L 
toi*D£*U CPU1 SL^^^^SUffllili^i 3L^ 

MS5^-|g»g?14A, 1 4B<7>&*c7)U/D;!?'»- 
^2 IX, 2 1Y^-)y^, ?#>m5£L 
WffllrttftW J: a ?t«I»*«ff *>it. 1 a *7 v YWifr 

-rr b izn hiih mijft>v?-tz*ts5 L/zmzm^ta 

ihmf** v 1 3 j fcrsaswEttSi!* . #^ 

mjee Ltzms.mcom^i-^xmT^-^ k, c u p 1 3 

LT'{4. ^ffiTJ**^^ 1 ; 1 3 JOKtt^-^jWWfS 
tt. m7J^^ 1 7-* i «;At^r.|»k#^ r 7>-^fflO^ 

V^2 IX, 2 lYO^^y^ffiTb^^ix, ATJllfc 
i^fflTJiSlltfO^-MEM S S 5-Oftft*«iB«*tdBI»$ 

[0103] zzx\ mftLfzm3i$£vm4Msmm 

tC*JV^T. #MEMS$5-«»»14A, 1 4 
*i7)U/D^W2 1X, 2 1 Y^ft-fft-Svt^iX 

oiz. m3t5£tf&Ammmx'\$^ xmtn-^^Mz 
mtx^#>mMLtz#vy?imm*&u/D#v>'? 

2 IX, 2lYt:fiifmT, 5 5-iiS^S<oioj 

K-txoiz. xvy-rwrnzx^) Aomztmtx 

X . M&ft1-*r *MZ*tJ£ LfzWm&X ^ U 4 0 *^ 

^ttst-i 3 %mm?*smx'hh. ±tz. **?v-?m& 
ems s 9-tcov^rw»»di5je$*i.#4ffliwj*& % 
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[0 104] tZ?>X\ ±me>£olZ**:V4 0mzfe 

■ #M E M S $ 9 - to WC*> 2 tfcOfHttAKflffliJ: 
5rr*0. tt'r-feM&'&irttt LX { (A7Jf-~v 
*/Hft) x (aj7J^r*/Hfc) } fifRtf)?— ?7W£JBe 

fcfc6 40)»£- (OT, 64chx64chi:tS) . 
3Wfc^3ft4«*fr&jM*4> * fc , 9~ 1 0 b'>y h 
^-^^gt^^SiiS. Zttib. A^fflO&il/ffi 

e«*««easfc:!Sr* . m^x. 64chx64c h^*^- 

4X64X <6 (A2Jf-+*>HWR) +6 (ATJ^-r* 
;Hffg) +4 0 (ffittft&flrfR) > t'./K -ttebh. 
^2i8b'^b^S** s ^i:^-&. y^Sii. 
Affl^^^HR^fcr&Si:. *&7— 8«*qs»Sit 
l> J: d 2> J f-*'y*MWfT*>tU£>ZtX'. 

[0105] -e:?, JKTVlis A*H*J.fctfai:*JfflI<0 

^^nmm^mm-^ * * y <o«ij££fBHtt s 

7— TW 2 A, 2BtCOV>T. #^MEMSS7- 
t=*f U 0 2 8 teS^i o 3rJQ»TH*fc:»f-£»l 0 S 

£IES§ft*:#MEMS$7-TW 2A, 2Bfr\ 
;h.-?i"U MtfN?iJ^K5!|$tt7tMXN®iOMEMSS5 

o C- 1 R*»^>TS^*Mff 4 •esgssresw 

[0 10 6] JiflcWfctt, A#W<0MEMS5 5— 71" 
>f 2AfcOV^TI±. HT£±£s&£C LXft^ 1 ~ 
M, ?iJ#^-l~NSrS0. ^ltf- ^1?IJC0MEMS5 

g£2«T- Sfll??lJ?>MEMS$9-£N+l#, ^2^7- 
SSN5!ltf>MEMS5 5-£2xN#fcU J2»fi|*fc:L 
T5i^!#-f-^ffi0. mMfi 1 - !fSN?iJ<75MEMS5 7-£ 
MXNftn. fii7Jffi!l<7)MEMS$7-7W 
2B(£OV^TI4. 0T*±£jg^=LT. A7JWO±lr£- 
k mUlZ&M E M S $ 5 -(C*t LT 1 4> M X N #4 

[0 10 7] 3r*k A*Wtf>#MEMS$5-fc:*te;h. 
itfffi^illO&M E M S $ 5-t£fi6itfc3W 



[ 0 1 0 8 ] H2 9 IZ&WX . SB 1 *>EIB0W±. t»»<0 

02 y^L^^^^iaffiBffi^tSiifrr^^tu 4oc 

*tl/C, A*Ch«taj|3»4 1. ffi7jCh&JtJ[Hlf&4 

2 . m£mMmm4 3 *j ±i/^hit3iW4 4 izx -?x 

X&tt^*A^*mz&&LtzT7*:Xm%i: 1 i- 

^'j4o izwikt&w&mr-fmm&m^t: 
t crabs. 

[0109] A7JC h^£B0/i&4 1 (±, W»*6>Wi 
^tl&AftjlJ-* *fctfmzmz , SWfflltt^fcSr&ATJ 
fflOOMEM S * 9-tStJClxfcA*f-Y*/P»9-*«taj 
U ^^as«a***jSt»!lI»4 34JJ:lXlliMil»liI 

2ii. Aa}*^^*;HffSS-*tc. «HH*Mfcfc*r*ffl;& 

ffloMEM s * ^-twBLfcffiaf-^nfrf-saiai 

t N *<0ttffit^££4HRKI3ft4 4 IZ&jj-fh . 
[0110] 9^aO(llIK4 3ii. A*C h^ffilHlK4 

$ ?-<7Mmz&tf&Flcr>&KX?m^tib §(7)^0 (« 

[0111] ±ieoJ: o ^0S&«^-Cii. «i{3TH3 0 
fc*rt- J: 3 ^A£B*M«D#MEM S 5 ^-^^W^lt 

zmm-t h zttzi^x. imm* ^ u wisosift 

s^HSitiitfe:**. tfc. i3 0<7)- MX'li. A 
lii*ft*;W6 4c hX64ch<7)^-m > A 
tiWjfflO#MEMSS7-7'W 2 A, 2B*5 S 8^8 
WfciWISil^6 4»7)MEMS 5 

[0112] H3 0(c^Lfc#MEM S 5 9— 03ft§*W 

(ffSri*!) ^M^^il^M E MSS7 -<5D^c (^JeoS) 

^m^h^i^^i. , A^Jlilfeit/ffi^Mf^&ME 

ttSffl*#MEMSS5-7W2A, 2BOESt* 
^v^3I5WS-C&*. ±^oio^Aaj*^^KO 
M^fi, A*f-r iiiitf J 
<02o^i^t5: (il, jl), (12, j 2 ) 
fcTft L^(11)SW(12) ^T'*§fl 
5. 

[0113] i l = i 2+NXn ••- (1 1) 

i 1-j 1 = i 2-j 2 -(12) 

fcfc* L , N {±?ijc7)ffc ( H 3 0 <0W"CI± 8 ) T'^> 0 . n {4 

ffiB««»T*4. ( 1 1 ) 3t&£V ( 1 2 ) 
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IZitm 3 0 tzim: Ltd o IZ . A*^ ^tftov > 
3r*. (1. 10). (9, 18). -(49, 58) 
*f-ir ^/UflBBfcaSoTJJBtf) J: o %7 JV-znzWL^ 

mf-r^xm—t^s. z<?)tz#>. x^^^m^z 

[0 114] &£>£tlMU 133 0{C^L3tJ:o : 5r6 4c 
h x 6 4 c h<o*&fc:. Aaj*-f-"V*/l4S#fc:BW-&3M 

9 f-ViVcrt-mxh h . 
[0 115] 
[HI] 
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[ 0 1 1 6 ] 02 9 fc^LfcHIKfllJftfti, JJE* 1 £ 

OfclftlfiSfu Am*f-^*/HWRfc:«!-oTA*Ch«l 
ffilHB4 l^J:t/m^Ch^aj[BIg|4 2T«KfJ3*LfcA 

tt*lalK4 3 a i H?fr1I3t[H]S&4 4 (c i 0 * J#*s ± 

U 4 0 <0*fflMttT-^3&*K»asSii* i o fc:$r* . 
[0 117] £^J:d&0tt«j££*ffl'$-S£fcfc:J: 
0, **U4 0fc:#Rfc3;fi4.x^y«JKi. ^BS&fif 

t, » Z/N&mzlimth Zb^ffilZKh . JLftEft 
tett. JJE* 1 WfclS HT, «'J4 0 Six 
SW9!iiT-?te9 6 0jIDk:5:-g>. - 3\ #[Hl8&1fJ£ 
Srilffl^te 6 4 c h x 6 4 c h<7)M»*tf 3*&(C 
Ii, 4 0 96fc9<ottaMx-*£**y4 0fc»Hrt- 

[0 118] JJEH2 9t^LfcKl<OliI»«t= 

*&. H3i<oi»jst«ii, witfjiaiMfWcov^roiwu 



0»4 5*ffiW:t.Ot*i. £O01fta5IIl»4 5»i, 
H#St#l3l&4 4 <03l*ttjfc&( 0 fc* L , 

*OVamMI& U 4 0 fcgi * t c7)T'S> S . 
[0119] JBfc&ITlElK44O8^J!i#0£&£« 

EMS55 -33 «t t^ai^fil^M EMS*5 -0#ffis§Wl 

jflwc*as lt^^e y 4 o izmt. txo iz~t& a t x\ 

0 <nrr—~f)V* £ 6 fcfBWHfc*- & i k &X'% £ . ZtllZ 
XK). 64chx64ch^(;{i, iMWWMm 

?-*vm&mmtz%: o . 9 5 3 ii 0 nmnm*—? 

^ ; EV40 Ktglfrtiltf J: < . 
[ 0 1 2 0 3 H 3 1 ^HRm-Cti, Affi^)^^ 

tfflSLTfe< ioi: Dtj^. W^.{f H3 2 iz^ti. 5 

O«tffi0»4 5j&»4>#MEMS5 5-gBIWWl4 
A, 14BiO#*£7)D/A38&gi2 2X, 2 2Y^>J-fc: 

Miz-o^xwm-z. 

[0121] mmLtzmicommmx'it. xttiirt-** 
ivm^zm-thm^h mtzmmiz Lxmmmfin 
\>\ wmT-fnwimzm&zoizLtz. m2^m^ 
xa . 3 <X7tmzm.MW.^M ems*7-tw2 

A, 2BOffiaiCtJV^T. 2fflc7)A£B*^^^#-f- 
( i 1 , jl). (i2, j2) orat-. i 1 = j 2 , 
i 2 = j lOHGR* 1 ***^ A*M*SJ:rfffi*flk^fr 

mems s ^-commnmz^ ^x , <%com2t l z^£ 
o%m&&&v±^z\bzmmLxmMttitzft\*\ x 

t y «lfi<^«3Sf fcSr H •!» i a iz L 1Z. i> OT'S> h . 
[0122] 
[*2] 









— AT 




^ BY 


t 1 


J i 


A 


B 


C 


D 


i 2 


J 2 


-c 


-D 


-A 


-B 



[0 1 23] m2lZh2>£?t,z^ 2m>X\&K^*>V 
»(il. jl). ( i 2 , j 2 ) IzmLX. A^Jfflfl 

*5 ilxai*{i!i^)#ME m s s 5-o#«rtri*ifc:-¥-i.&« 

P^lSli. 4oc7)ft«A, B, C, DcOffi^^-tti: L 
•C#^.^«^lC. 4S««»Aie^»i , ^bx- #flY. ^Bvk 

x, x^v Aoiztm-thmm^-ftrnm-hzb 
immiztch. 

[0 124] 123 3t±, S2cDElSSMS:^^n-y^ll 
7t^L^^'»-^^ffi^t§W^-|»^ ; E:y 4 OCfrfL 
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x. x^ch^mmm 1 . awjch<*ttjig»4 2*>i 

•C«ffilLr*MEMS5 9-K»ail4A, 14Bi;S 

[0125] *'bim/V- MBIR4 6 14. A^C h*fc 
SGEI8&4 ltWJSft*Wlf+*M»i tiMjCh 

Jt&SrfiW Afflaf-A-^^fc^flHRfcLT** 

U 4 0 * T ^ ■fex«#flD±ffifllfc:f-v 

A# v^#< -Sid £M^#;c fcff3 jfc*>OEIIfrC* 

[0126] iO*<hifclK/y— M3B4 6 Ji, AttW 
KJ4. 01J^{fll3 4C^-r < J:-3C EX-ORHIS4 6 
A, ANDHB4 6B**J:tf?«s'f-BR4 6C£l!*-& 

j O^/hJtK^^K ^iOJtt^^^So'^T 2 
x 2-7 Mi 7?xx>f »/f4 6D J: 0 f-r */t**tf> 

7«4 6Clt 2X27b'j7m^/f4 6D 

m^Z-ZtZ. ifc* 9yf-EI»4 6C^ffi*S*L4 
0BS4 7^ill^tL?». 

[0127] V- h/£rf-&i|g|IIi&4 7 J4. */hJtSfc/ 
y- M3S&4 e^A.OT^-lrXfi-f-tc^oT^^'J 4 0 

*u ±'bom/v - ms»4 6 t i > j v>±'i-mmm 

<75tS=S-MEMS $7— IM&S&l 4A, 14B(D#^<7) 

u/d^^>^2 ix, 2 1 YtHfcfcu A'J\tbS£/y 

- b @R4 6 T i < J (tt'mmmitiZtltiHr&lZ 
(4. 4 03^4>WtlfflM7 s -^*tHr5fiO«2(C*t 

#MEMSS5-«1»14A, 14BO^«U 
/D*^2 1X, 2 1 Y^ffl^S. 

[0128] z<nv-b/®^mmn47\z. uttw 

2X2?b'J -y^^-f >/^4 7A*Sj:tf4 7BT**l 

m^ft. i<j<^j>w«*<«tajs*ife«^tc. #2 

x27hU77XX-f7f4 7A, 4 7B<0AttJ*sK- 

i^^AYfc^BY^M^tSr^fd. ZLX. ^2x27 
by-/W^7f47A, 4 7B*>4>ffi^J$fUt«-^ 
18*1*7*-* 14* #^"f-KKHlSS4 7 C , 4 7Dfc-e*L 



^K^ixS. 8^06lll»4 7Ca»&atfJ$*i 

*«fltt*?S*7 s -^*<. #MEMS 5 5-Ktt«l 4 
A, 14B»U/D*^y^2 1 Wmi*£>*U 
«rf-R«Kig»4 7 Da»£ffla$;h.**««ftK? f -* 
#MEMS5 5-KIW»14A, 14BOT/D* 

[0129] ±1504 0 <0HI»W*3«ffl-f * £ t 
£4 0. ^^U4 0(; i g^i:$tLl»^^U^«$r. *B 

i&<-x¥-mzit&zbi)**imiz%z>. mz. ajjwLx* 

[0130] m3c7)EIS&-r'«. 3iJC7cWte««a5fir#M 
EMSS7-7W2A, 2BOlEatwiJV>T. 2ffiO 
Affiflf-* ( i 1 , jl). (12, 5 2) cr> 

BBte. 5Jt«(13)S-(15) 3&OHflfa&«BB*tei£'3 
A*«*J«kt/aj*ffll^#MEMS5 5-tf5« 

£i:£*iJJ§LT. **y»l£<0«aHl:£EI*.fc5fc:U; 

[0 1 3 1 ] i 2= i 1 +NXn - (13) 
j 2 = j 1 -Nxn ••• ( 14) 
-N<il-j2<N —(15) 

[0132] 
[*3] 









0AY 






i 1 


j 1 


A 


B 


c 


D 


1 2 


J 2 


A 


-B 


c 


— D 



[0 1 3 3 ] 03 6J4. ±l5*3 0M#S:A*Wfc^t 
feffK^C**. H3 67:14. AtitfJf-**/MBfca I 6 4 
c hX64 c hCO^i^t. Aaj^JfflllO^MEMSS 
5-TW2A, 2BxV. 8'ff8mzW&lZtUZ 6 4ffl 
CDMEMS 5 7—%-%:tl'¥tUW'i~£> : L><7)k. LtztZ. ± 

{f, ( i 1 , j 1 ) = ( 1 , 51). ( i 2 , j 2 ) = 

(4 9, 3) *«jei/o^. i^ia^Aas^* 

;KCtJV>Ti±. A7Jfflfcit/ai:tl{fflO#MEMSS7- 
-f^^'YffcfriBiT'RiEL^M^^yioJ; 3 

4 o £fg*^r suj^ffir-? ^fflj^r s - fc *f«rig^ 

[0 1 3 4 ] m3 7 {4. $53<0®$&MZ^-t7u>y?m 
Xfoh. H3 7fctSV^T, *3<^)|llHlf«±. IKfi<0EI2 
7 Lfc^ *7 ^^*fflMI^«*rr * ^'J4 0t»L 
A^ChiM4L [fi*ChKM4 2 < ffi 
*»;t0»4 8feit^J>Jt«E»4 9^J:oTAai^ 
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■^RREI»5 0A, 5 0B"CJ!Sltr#MEMS$9- 

[0135] ffl*#;tl3B4 8(4. */J\fcfc!K0§&4 9 (C 

tT. MSB?) ( 1 3 ) 3ft— ( 1 5 ) *OWflUcflSVV A 
i feJ:tXStt*f-Y *;14M- J 

{4. «i»iH3 8t^rJ:dfc, tl^?^48A, 48 
B, M -*j^SaiIlIS&4 8C, 4 8D*$J:tfSMaB4 

8 e , 4 8 f aut^t aww- h z. t airier* 

[ 0 1 3 6 3 H3 &cnm8mftr&&. :M>H3REIR4 9 

t£j[3B4 ifcJ:t^as*Ch«iaSllI»4 23&»^^<x , r< 

Wii*-CW^48A, 48B£tf-LT^ ; EU4 OK 
— #, ^/hJt!Kia»4 9lc:t5(tSJt«SSm 
ifi i < j SSWfr&tcli. A2J^*>H£# i fcitf ft 
j tout, ig • $JM^aj[IIB4 8 C , 
4 8DT. ^*^#^£^JcD^N^Jo^h#^F&fc 

EB4 8Dt3tffl§*ifc, WliaWiaB4 8EK:ai*S 

*u «ss*t4aouii»4 8Ffc:aj*$*Lft. -etx. 

*BB4 8 E . 4 8 FT'14. -5-*. 4>*ufcBH3 J:tflWife£ 
fflV^T^-A-^^OWii-SC^^ix. ?H»0SS4 8E 

W*4 8A*tfl/t.X*y4 0fc5£&i'U JHSCEIB4 

8Foimia6** j »»«i«w)aj*-f- j v'*/u#9fc t 

T -tr 7 * 4 8 B 1 T X * 0 4 0 lZj£ hfih . 
[ 0 1 3 7 3 JJE^J: 0%m*-Wz.M$&4 8lZt$lf&>i& 
WMftli. BU^H3 6^J^L/ij;-p : 5r64chx6 

4 c hWS^Wl Mx{4H3 9lCS:-r «t o fc. 

i £ 6 b'«y hr-^T^-rt # , m&muknAf)^ 

#;tlft<0:g-x-?<?>±fi3 t'-y hSrSV^AtUgi.*: 6 

^aa$-^ff-r-i»ffiA#^iiis84 8«. mmm^m.^ 
hwz i o ^\zm%*imx-h h . 

[0 1 383 flF-f-R!KlIIB5 0A{4, ffi^#i.0B4 8 
^^tii^^ix^Aai^^-^^x-^t^^T^^ U 4 
0j^4>tt*ffi3*lfcffi»a*tf>d"^ A^JillOME M S 

5 7-OYfac6-l6j^J5Et^^^S<9 fl v^A^$a, 
*/Mt«EIB4 9 JfetBS*** i > J 2r^-r%& 



7-l«fia514A^U/D^'>y^2 1YK5M-&. * 

*f-§-R5g®B5 0BJ4. ffl^#i.iaB4 8^^£B* 
Sft&Affi^^Vl^-^Ct^T^y 4 oa^M 
^ffi£*lfd«i*:ftj£tf)?^ ffl^iffl^MEMSS^-^) 

HIB4 9tC4Stt*ifc«aSS3& 1 i > J Sr^-f^-^^i-e^ 
SCI 4 BiDU/D^^y^ 2 1 YfciHS. 

[ o 1 3 9 3 jjeoi oZf&scvisifoMzmm-t&zb 

izX^X. 4 0lZ<£mb * 

@B^Sr Mm 1 3rv ^0 2 7 L*: J; -5 =5rfiU£eo*§^r 

* U WflWt*«(MW*Sfc«><^»4 OEBWcowcgfc 

[0 140 3 Jba$Lfc*l~»3<0EBWT{4. 2fflO 
Affi^Jf-^ ( i 1 . j 1) « (i2, j2)C 

m.<?)W$m% *Mz* ^ y mfon&mtt&m ~>x*tz. 

tfim.&jmLKZK. j&o. ^^y^i^JRB^^J; 

l«^)AliJ*^*;U*f - ( i 1 . j 1 ) 
tov^> ilfcjl to^^iJil±^{4fi : il^«^t: 

Z>£dt,zLfzi>CDX'$>&. Mtomzli. Mz.lZi lbj 
ltfBMftetHW-**^. i li: j 1O|B0^UI(z 
^^4ioJ;Z/«5tc^-rJ;^ 5 5rM^^ 

[01413 
[^4 3 















1 1 


J 1 


A 
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-A 


B 



[0 1423 
[»5 3 



^1^ 


A 




- (N~l) xo 





— a 


0 


0 


1 


a 


N-'T 





[0 1 4 33 *4CS)SJ:o{c. iUjlfr'itfft 
{tflK-*«-&. A*ffi!l*5J:t/ai*iiO#MEMS5^- 

^rSffiA, -Ak46. -etT, xttrtrifiiofi#f«JK(9 
ax. «Bx^>ttWttAtt. *5tft*J:dfc:. aSrS2pO 

m lEfimb Lxm&tzimttMim&z&^z a 



(£0) )02-236264 (P2002-23S8 



^tstidic A2jfflyoMEMs$5— ^traj^is 

KM^AJ = « . #bx = - « 0 » ^JH^'N - 1 
&i:#Ci2. -(SM^<9 AX = (N-l) xa. <9 BX =- 
(N-l ) XatC^r^. 

[0145] ±Md.cr>£o%mm3.. i 1 fc j 1 jWA 
fc{£*U i 1 i: j l<0®c7)fi : il(C*g-ri>^-ti,|sI 

zmm-f&ztizx-yx. **:V4oizt§m-z>%)nm. 
T-fzxmizm^zttf^mztcz,. m4 m 

[ 0 1 4 6 ] 04 1 IZ&^X . %4<nmkm.t. fui£<7> 
m2 7lZmLti*r*7>?WMm*imt&* z £V4 OiZ 
MLX. A*Ch&£fJ[Il&&4 1. ffi*Ch^ail3S&4 2 

fcit^j^itsiMs i iz£->xx&?rf-**jum$ 

2A, 5 2BT*^3ILT3-MEMS$5-|g»g|Sl 4 
A, l 4Bizm&£oi l zLtzi><DX'h&. 

[0147] frmmwm.®& 5 1 ti. a* c h^mmsi 

4 1 X-m&ZtifzXJlJ-v^m^tiiiJjC hfofc®$& 

4 2T^aj$^ttJ*^ J r^#-^t#-oT. ASJ*^- 

^^fv^nrnttzunmamL. ^commm^r 

?T?iM?a»M5 Hi, Mfamzii, flajiJ£IIl4 2 ^ 

•tx ac.ii' m$m.&®8&5 i a, 51 b 4j ii^aw 
mm 5 i c , 5 1 d *a*-&*>*TaijR-r * - t &*im 
x-$>%>. 

[0148H4 2cQ®$m&x'ii. m • m^xtamm 

5 1 ACfc^t, A^J^^^#-tS:?iJc7)icNT'fiJr>^ 
fc § OffiiJ J: V«sS««JtaJS*L. *<vm&WX®R 5 1 
Dfcffi*3*L. Wj^«M3»5 1Cfcffifl3:h.*. 2 
fc. fg • SiJ^rffiI3K5 1 BfctttvCli. &Jj***)V 

K5 1 C fcffi^jS i«»EIS&5 1 CTii. 
#iS • «fe^aillI8&5 1 A, 5 1 C*^OfiJ^Offl^ffl 

nmm 5 1 Dt-ii, &m ■ m&x.mi§u& 5 1 a , 51c 
fr&nmnmzm^xffm&imztixx*: u 4 0 icis 

[0 149] ^*U40JCI4. tlfi*<0«5i=*Lfc«kd 



iftfmznfevtznsEfigrf-? ^y4o &tm t 

4 3 (C5rT «fc ? ^r^miHlSS4 0 ' fcRff. frfmSlMm 

&5 lfr^mzti&n&tttiftmzi&txffiEMmt: 
m<mm-& z. t i>*rmx*$>& . 
[0150] &w&mw\®5 2 ah. mmznmmtx 

tl. ^£^S^1ffiEfcJt£MEMS$?-B8frS 

14Bc7)U/D^'»^2 lXfclSJ*. ifc, 

®8&5 2AJi. ftmiZttfeZ-£X* : EV4 0frt>Wi&-lii 

iEft^S- M E M S $ y 1 4 B C7)U/D a *7 

2 1Y{C3*-S>. 

[0151] ±isoj; o %m4<7)WM*mm-? & z t 

(CioT. 4 0 lZ'£mbZtl&**:VmML$: . * 

iz}£Kx±miznmz itzzt im^z^h . ± 

i£ LfcIS 1 ~^4 USS^-CJi. 3 &7cM<7)3£fi^-358l 
Silt, H4 5te^LfcJ:'3*flWt#i&36i I % 

wtmm^m&m^3m&commiztLizmt±ti& t 

«^tr % H4 4tc«^-J:d(c, A^)Mfei 
r/tU*ffl!lO#aU^-^T^-f 1 A, 1 B£M^Ti2« 
tJtAffi^J— f*Mc7)^U^-^Tl--f k. A*fflfcfeJ:lf 
tBA»^MEMS5 7-rH2A, 2B^#ALTia 
■ LfcAffl*— ttS!tf>MEMS$5-TWi:» A^lfflfl 
MEMS 5 5— *»j5>«**^7 h$*^r^ilf 
ai*MMEMSS?-fcIt^7 hSiffDSLS^- 

tzL. ass*— fts<oMEMss5— rwsafflUfc 

itH/xm 1 ~~#4<30B0!£iiUB-$-£ i i: «BfiWx4 
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